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(54) SILICON SINGLE CRYSTAL INGOT AND SILICON WAFER MADE OF THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a single crystal ingot and wafer excellent in electrical characteristics by suppressing the 
formation of agglomerate of hole-type point defects and interstitial silicon-^type point defects and lowering the contamination 
concentration of iron to be not more than a specific value in a Czochralski method. 

SOLUTION: Silicon molten liquid is obtained by washing, preferably at least two times, source silicon with an aqueous solution 
containing dissolved ozone and then hydrofluoric acid or nitrohydrofluoric acid, and. after finally washing with ultra-pure water, 
melting the source silicon in a furnace based on a Czochralski method. The ratio of solidification is preferably set to be not less 
than 0.9 at initial pulling-up and the ratio of solidification is set to be not more than 0.9, preferably not more than 0.8 when the 
single crystal is pulled up after remelting. Thereby, the contamination concentration of iron element becomes not more than 2 
x 109 atoms/cm3. When the rate of pulling-up an ingot is set as V (mm/min) and the temp, gradient at the interface between 
the ingot and the silicon molten liquid is set to be G(° C/mm), the value of V/G (mm2/min.° C) is determined over whole 
length of the ingot by simulation, and the ingot is grown, thereby a crystal free from defects can be obtained. 
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(54) SILICON SINGLE CRYSTAL INGOT AND SILICON WAFER MADE OF THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a single crystal ingot and wafer excellent in electrical characteristics by 
suppressing the formation of agglomerate of hole-type point defects and interstitial silicon-type point defects and lowering 
the contamination concentration of iron to be not more than a specific value in a Czochralski method. 
SOLUTION: Silicon molten liquid is obtained by washing, preferably at least two times, source silicon with an aqueous 
solution containing dissolved ozone and then hydrofluoric acid or nitrohydrofluoric acid, and, after finally washing with 
ultra-pure water, melting the source silicon in a furnace based on a Czochralski method. The ratio of solidification is 
preferably set to be not less than 0.9 at initial pulling-up and the ratio of solidification is set to be not more than 0.9, 
preferably not more than 0.8 when the single crystal is pulled up after remelting. Thereby, the contamination 
concentration of iron element becomes not more than 2x109 atoms/cm3. When the rate of pulling-up an ingot is set as V 
(mm/min) and the temp, gradient at the interface between the ingot and the silicon molten liquid is set to be G(°C/mm), 
the value of V/G (mm2/min.°C) is determined over whole length of the ingot by simulation, and the ingot is grown, 
thereby a crystal free from defects can be obtained. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The silicon single crystal ingot characterized by being the silicon single crystal ingot raised by the Czochrlski method with 
which the floe of a hole mold point defect and the floe of the silicon mold point defect between grids do not exist, and iron 
concentration of contamination being three or less 2x109 atoms/cm. 

[Claim 2] The silicon wafer made from the silicon single crystal ingot according to claim 1 . 
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* notices * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the silicon wafer made the silicon single crystal ingot raised by the Czochrlski method 
(henceforth a CZ process), and from now on. Furthermore, it is related with the silicon wafer used in detail in order to manufacture 
semiconductor devices, such as LSI. 
[0002] 

[Description of the Prior Art] It is required that the electrical characteristics which were [ be / semiconductor devices, such as LSI, 
have little leakage current in pn junction, and / the dependability over the gate oxide of an MOS transistor / high ] excellent should be 
shown. As a cause of degrading these properties, contamination by the crystal defect of the silicon wafer used as a substrate and the 
metallic element of a wafer is cited. Especially the iron element is supposed that a bad influence is done strongly in the silicon single 
crystal also in the metal, and this iron element is incorporated by contamination from a surrounding environment or equipment. 
[0003] The in thorin chic (gettering IG) law and extrinsic gettering (EG) method for giving the gettering capacity to capture a metallic 
element, from the former to the wafer itself as a technique of capturing a metallic element like an iron element from the active region 
of this silicon wafer is learned. Moreover, after SC-1 solution which consists of a hydrogen peroxide and ammonium hydroxide 
washes a silicon wafer as a technique of removing a metal from the wafer front face used as an active region, the RCA cleaning 
method washed with SC-2 solution which consists of a hydrogen peroxide and dilute hydrochloric acid is known. 
[0004] 

[Problem(s) to be Solved by the Invention] However, if many metallic elements are mixed in the silicon single crystal ingot raised by 
the CZ process, the technique of removing or capturing the metallic element in the condition of a silicon wafer must be complicated or 
developed increasingly. The purpose of this invention does not have a defect resulting from a crystal, and the degree of contamination 
of a metallic element like an iron element is to offer the silicon wafer made a silicon single crystal ingot and from now on was small 
excellent in electrical characteristics. 
[0005] 

[Means for Solving the Problem] Invention concerning claim 1 is a silicon single crystal ingot in which the floe of the hole mold point 
defect raised by the Czochrlski method and the floe of the silicon point defect between grids do not exist, and is a silicon single crystal 
ingot characterized by iron concentration of contamination being three or less 2x109 atoms/cm. Invention concerning claim 2 is the 
silicon wafer made from the silicon single crystal ingot according to claim 1. Since iron concentration of contamination is as low as 
three or less 2x109 atoms/cm, when the silicon wafer concerning the ingot concerning claim 1 or claim 2 did not have a defect 
resulting from a crystal, and it is made semiconductor devices, such as LSI, the electrical characteristics which were [ be / there is little 
leakage current in pn junction, and / the dependability over the gate oxide of an MOS transistor / high ] excellent are shown. 
[0006] 

[Embodiment of the Invention] How to lessen the content of a metallic element, and for it to be defect-free and to manufacture the 
silicon single crystal ingot of this invention is described. 

(1) The silicon single crystal ingot with few contents of the metallic element of manufacture approach this invention of a silicon single 
crystal with few contents of a metallic element, especially an iron element The process which washes the massive or granular 
polycrystalline silicon used as a raw material, and the pull-up process of a silicon single crystal of dissolving the washed raw material 
silicon and raising a silicon single crystal ingot at 0.9 or less rate of solidification by the CZ process from this silicon melt, The 
process which makes this silicon single crystal pulled up massive or granular, the process which washes this massive or granular single 
crystal silicon, and the re-pull-up process of the silicon single crystal which dissolves the washed silicon single crystal again 
(RIMERUTO), and is raised at 0.9 or less rate of solidification are included. The rate of solidification means the rate of the silicon 
single crystal raised to raw material silicon 100% by weight conversion here. 

[0007] In order to wash the polycrystalline silicon or the single crystal silicon used as raw material silicon, after a dissolved ozone 
water solution washes massive or granular raw material silicon first, it is the approach of washing with fluoric acid or a FUTSU nitric 
acid (mixed acid of fluoric acid and a nitric acid), and washing with ultrapure water further. It is desirable to repeat the washing 
process by this fluoric acid or the FUTSU nitric acid once or more, or to repeat the washing process by the dissolved ozone water 
solution and the washing process by fluoric acid or the FUTSU nitric acid once or more. It is put in and sealed by the bag made from 
plastics until it feeds it into a quartz crucible, since raw material silicon, such as polycrystalline silicon or single crystal silicon, has an 
activity property. However, it reacts with the oxygen in air before and after seal, and an oxide film is easy to be formed in the front 
face of raw material silicon. This oxide film is formed including the metal impurity adhering to the front face of raw material silicon 
etc., or a metal impurity etc. adheres on the surface of an oxide film after formation of an oxide film. In the above-mentioned 
approach, a silicon front face oxidizes compulsorily by washing of a dissolved ozone water solution, an oxide film is formed all over 
silicon, and, subsequently this oxide film is removed by washing of fluoric acid or a FUTSU nitric acid. Consequently, the metal 
impurity contained in an oxide film is removed with an oxide film. The removal effectiveness increases by repeating the washing 
process by fluoric acid or the FUTSU nitric acid once or more. 

[0008] The raw material silicon obtained by the above-mentioned washing is dissolved at the furnace based on a CZ process, and 
serves as silicon melt. The rate of solidification at the time of the first pull-up is set or more to 0.9, and the rate of solidification at the 
time of the pull-up after RIMERUTO is preferably set or less to 0.8 0.9 or less here. Making the rate of solidification below into the 
above-mentioned value is based on the following reason. The rate of solidification is small and the part in which it was raised when 
the silicon melt in a quartz crucible remained so much, i.e., the part near the top section of an ingot, has few amounts of mixing of 
metallic elements, such as iron in silicon melt. The concentration of the metallic element in residual liquor is to become high and for 
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the amount of mixing to the ingot of a metallic element to increase as the residual liquor of the silicon melt in a quartz crucible 
decreases and the rate of solidification becomes large on the other hand. By washing of raw material silicon, and RJMERUTO below 
the predetermined rate of solidification, the iron concentration of contamination in a silicon single crystal becomes three or less 2x109 
atoms/cm. 

[0009] (2) the manufacture approach of a defect-free silicon single crystal — describe the manufacture approach of a defect-free silicon 
single crystal that next the floe of a hole mold point defect and the floe of the silicon mold point defect between grids do not exist. The 
silicon single crystal ingot of this invention can pull up an ingot from the silicon melt in a hot zone furnace by the CZ process by the 
predetermined pull-up rate profile based on Voronkov's (Voronkov) theory. Moreover, the silicon wafer of this invention slices this 
ingot, and is produced. Generally, when the ingot of a silicon single crystal is pulled up from the silicon melt in a hot zone furnace by 
the CZ process, the floe (agglomerates: three-dimensions defect) of a point defect (point defect) and a point defect occurs as a defect in 
a silicon single crystal. A point defect has two general gestalten of a hole mold point defect and the silicon mold point defect between 
grids. A hole mold point defect secedes from one of the normal-[ one silicon atom / in a silicon crystal lattice ] locations. Such a hole 
becomes a hole mold point defect. On the other hand, if an atom is discovered in locations other than the lattice point of a silicon 
crystal (interstitial site), this will become a silicon point defect between grids. 

[0010] Generally a point defect is formed in the contact surface between silicon melt (melting silicon) and an ingot (solid silicon). 
However, it is begun by pulling up an ingot continuously to cool the part which was the contact surface with a pull-up. During cooling, 
a hole mold point defect or the silicon mold point defect between grids joins mutually by diffusion, and the floe (vacancy 
agglomerates) of a hole mold point defect or the floe (interstitial agglomerates) of the silicon mold point defect between grids is 
formed. In other words, floe is the three-dimensional structure which originates in the union of a point defect and is generated. The 
floe of the silicon mold point defect between grids includes the defect called ratio of length to diameter (Interstitial-type Large 
Dislocation) including the defect to which the floe of a hole mold point defect is called COP (Crystal Originated Particle), LSTD 
(Laser Scattering Tomograph Defects), or FPD (Flow Partem Defects). COP is a defect resulting from the crystal with which a pit is 
also detected as particle with original particle here, when a pit will be formed in a wafer front face if the silicon wafer after mirror 
polishing is washed with the mixed liquor of ammonia and a hydrogen peroxide, and this wafer is measured with a particle counter. In 
FPD, it is the source of the trace which presents the unique flow pattern which appears when chemical etching of the silicon wafer 
which sliced the ingot and was produced is carried out with the SEfCt) (Secco) etching reagent during 30 minutes, and when LSTD 
- irradiates infrared radiation in a silicon single crystal, silicon is a source which has a different refractive index and generates the 
scattered light. If ratio of length to diameter is also called a rearrangement cluster or the silicon wafer which produced this defect is 
immersed in the selection etching reagent used as a principal component in fluoric acid, since it will produce a pit, it is also called a 
rearrangement pit. 

[001 1] When setting the temperature gradient of the contact surface of ingot-silicon melt to G (degree C/mm) for the pull-up rate of an 
ingot with V (a part for mm/), and hot zone structure, Voronkov's theory is controlling V/G (a part for 2/[ mm ] -**), in order to grow 
up a high grade ingot with few defects. In this theory, as shown in drawing 1 , V/G expresses hole concentration and the silicon 
concentration between grids in graph as a function, and it explains that the boundary of a hole / silicon field between grids is 
determined by V/G with a wafer. While the ingot in which a hole mold point defect exists [ a V/G ratio ] dominantly above the critical 
point is formed in more detail, the ingot in which the silicon mold point defect between grids exists [ a V/G ratio ] dominantly below 
in the critical point is formed. 

[0012] When an ingot can pull up the predetermined pull-up rate profile of this invention from the silicon melt in a hot zone furnace, It 
is more than the 1st critical ratio (v/G) (1) to which the ratio (V/G) of a pull-up rate to a temperature gradient prevents generating of 
the floe of the silicon mold point defect between grids. It is decided that it is maintained below at the 2nd critical ratio (V/G) (2) which 
restricts the floe of a hole mold point defect in the field where the hole mold point defect which exists in the center of an ingot exists 
dominantly. The profile of this pull-up rate is slicing a criteria ingot to shaft orientations experimentally, and is slicing a criteria ingot 
to a wafer experimentally, or is combining these techniques, and is determined by simulation based on above-mentioned Voronkov's 
theory. That is, this decision checks after simulation the wafer with which the ingot was sliced [ with which were sliced and it was 
shaft-orientations-sliced ], and is made by repeating simulation further. Two or more kinds of pull-up rates are decided in the 
predetermined range for simulation, and two or more criteria ingots grow. As shown in drawing 2 R> 2, the pull-up rate profile for 
simulation is adjusted to low 0.5mm pull-up rate for /(c), and an again high pull-up rate (d) from a high 1.2mm pull-up rate (a) like 
[ for /]. the above — a low pull-up rate may be less than [ 0.4mm a part for /and it ], and its linearity-thing is [ the change by the pull-up 
rate (b) and (d) ] desirable. 

[0013] It can pull up at a different rate and two or more criteria ingots are sliced by shaft orientations at each **. Optimal V/G is 
determined from the slice of shaft orientations, the check of a wafer, and the correlation as a result of simulation, the optimal pull-up 
rate profile is continuously determined, and an ingot is manufactured by the profile. An actual pull-up rate profile is dependent on 
many variables which are not limited to the ability of the diameter of a desired ingot, the specific hot zone furnace used, the quality of 
silicon melt, etc. to be included. 

[0014] Drawing 3 shows the profile of the pull-up rate for growing up the ingot which has die length of 100cm and the diameter of 
200mm which were determined using simulation and association of an experimental technique. Here, the hot zone furnace based on 
the CZ process of the model name Q41 manufactured at MITSUBISHI MATERIALS silicon Ikuno works was used. 
[0015] A pull-up rate is reduced gradually, V/G is reduced continuously, and when the sectional view of the ingot when raising a pull- 
up rate gradually again and raising V/G continuously is drawn, the fact shown in drawing 4 is known. The perfect field where the floe 
of [I] and a hole mold point defect and the floe of the silicon mold point .defect between grids do not exist [ the field where the silicon 
mold point defect between [V] grids exists / the field where the hole mold point defect within an ingot exists dominantly / in drawing 4 
dominantly ] is shown as [P], respectively. As shown in drawing 4 , the shaft-orientations locations PI and P6 of an ingot include the 
field where a hole mold point defect exists in the center dominantly. Locations P3 and P4 include the perfect field of the ring with 
which the silicon mold point defect between grids exists dominantly, and a center. Moreover, since there is no hole mold point defect 
in the center and a part for a edge does not have a silicon mold point defect between grids, either, locations P2 and P5 are perfect fields 
altogether. 

[0016] The wafers Wl and W6 corresponding to two or more locations PI and P6 include the field where a hole mold point defect 
exists in the center dominantly, respectively so that clearly from drawing 4 . Wafer W3 and W4 include the perfect field of the ring 
with which the silicon mold point defect between grids exists dominantly, and a center. Moreover, since there is no hole mold point 
defect in the center and a part for a edge does not have a silicon mold point defect between grids, either, wafers W2 and W5 are perfect 
fields altogether. Wafers W2 and W5 slice the ingot which selected and was decided to make a perfect field altogether as shown in 
drawing 5 and which pulled up and grew by the rate profile, and are produced. Drawing 6 is the top view. The wafers Wl and W6 
which sliced the ingot which grew by another pull-up rate profile, and were produced by reference are shown in drawing 7 . Drawing 8 
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is the top view. The silicon wafer of this invention is the above-mentioned wafer VJ2 or W5, and after wrapping this wafer and 

performing beveling processing, mirror polishing of it is carried out and it is obtained. 

[0017] 

[Example] Next, the example of this invention is explained. When the iron element concentration of the poly crystalline silicon used as 
a raw material was measured with the ICP mass spectrometer (inductively coupled plasma mass spectrometer), the average was 2 ppb- 
wt. That the concentration of an iron element is 2 ppb-wt means that iron is contained at a rate of 2ppb to silicon lg. Generally, the 
high impurity concentration in a silicon single crystal is extremely small because of a segregation, and carrying out the direct method 
of analysis has many difficult elements. Then, after raising a single crystal by the CZ process, the silicon melt (henceforth residual 
molten iron) which remained in the crucible is analyzed, and the approach of computing the high impurity concentration under crystal 
is taken from the segregation coefficient of each impurity element. This analysis dissolves this sample whole quantity with the mixed 
acid of high grade fluoric acid and a nitric acid, after usually sampling a part of residual molten iron and making it solidify, and it 
analyzes it with an ICP mass spectrometer. 

[0018] In this example, the RIMERUTO trial of residual-molten-iron analysis of silicon melt and a silicon single crystal which 
dissolved polycrystalline silicon beforehand was performed, and the concentration of iron, chromium, and nickel was considered 
among metal impurities. That is, the single crystal was pulled up from the silicon melt which dissolved the above-mentioned 
polycrystalline silicon to die length of 220mm. The residual molten iron at the time of the rate 0.626 of solidification was sampled, it 
solidified, and the concentration of each element of iron, chromium, and nickel was measured. Moreover, the concentration of each 
element of the iron of the top section of a single crystal, chromium, and nickel was also measured. Subsequently, the raised silicon 
single crystal was dissolved again (RIMERUTO), and the single crystal was too pulled up from this silicon melt to die length of 
220mm. The residual molten iron at the time of the rate 0.681 of solidification was sampled, it solidified, and the concentration of each 
element of iron, chromium, and nickel was measured. Moreover, the concentration of each element of the iron of the top section of a 
single crystal, chromium, and nickel was also measured. 

[0019] The high impurity concentration of the top section of each single crystal pulled up from the silicon melt and the silicon melt 
dissolved again of the above-mentioned beginning assumed that all impurities were mixing into silicon melt before crystal training, 
and was calculated using the following formula ( 1 ). 
[0020] 
[Equation 1] 

koCr, 

Ct = •■ (1) 

(1 -L) ko " 1 

[0021] However, for CT, the high impurity concentration of the top section and kO are [ the high impurity concentration in residual 
molten iron and L of a segregation coefficient and CZ ] the rates of solidification at the time of residual -molten-iron analysis. The 
segregation coefficient of an iron element is [ the segregation coefficient of 2.8x10-5 and a nickel element of the segregation 
coefficient of 8x10-6 and a chromium element ] 3x10-5. Results, such as high impurity concentration in residual molten iron and high 
impurity concentration of the top section, are shown in Table 1. 
[0022] 
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[0023] It turned out that the concentration of each element of iron, chromium, and nickel decreases by RIMERUTO so that clearly 
from the prediction of Table 1 . The massive polycrystalline silicon used for prediction was put in in the cage made from polyethylene, 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 2/13/2006 



JP,2000-327485,A [DETAILED DESCRIPTION] 



Page 4 of 4 



this cage was placed into the 1 st tub and the dissolved ozone water solution whose ozone level is 20 ppm was injected from the 
injection nozzle for 3 minutes to polycrystalline silicon at 5000 cc a rate for/. Subsequently, the ozone level stored in the 2nd tub was 
immersed for 5 minutes in the cage with which the polycrystalline silicon by which injection processing was carried out [ above- 
mentioned ] entered into the dissolved ozone water solution which is 20 ppm. Subsequently, this cage was pulled up from the 2nd tub, 
and it was immersed for 5 minutes into the fluoric acid whose concentration stored in the 3rd tub is 0.5 % of the weight. Subsequently, 
this cage was pulled up from the 3rd tub, it placed into the 4th tub, and the dissolved ozone water solution whose ozone level is 20 
ppm was injected from the injection nozzle for 3 minutes to polycrystalline silicon at 5000 cc a rate for /. Subsequently, this cage was 
pulled up from the 4th tub, and it was immersed for 5 minutes into the fluoric acid whose concentration stored in the 5th tub is 0.5 % 
of the weight. Subsequently, this cage was pulled up from the 5th tub, and it was immersed for 15 minutes into the ultrapure water 
stored in the 6th tub. Subsequently, after having pulled up this cage from the 6th tub, introducing in the warm air dryer and drying 
polycrystalline silicon, the dry polycrystalline silicon was picked out from the cage. When the iron element concentration of the 
polycrystalline silicon after this washing was measured with the ICP mass spectrometer, the average was 1 ppb-wt. 
[0024] 1 10kg of washed polycrystalline silicon was put into the quartz crucible, and it dissolved at the carbon heater, and was made 
silicon melt. Silicon melt was contacted in seed crystal and the silicon single crystal ingot was raised. When the ingot pulled up was 
measured, weight was 80kg (rate 0.73 of solidification), and pull-up length was 1 100mm. The ingot pulled up was crushed massive by 
the crusher. This massive single crystal silicon was put in in the cage made from polyethylene, and it was immersed for 30 minutes 
into the acetone stored in the 7th tub in this cage. Subsequently, this cage was pulled up from the 7th tub, and it was immersed for 5 
minutes into the mixed solution of the fluoric acid whose concentration stored in the 8th tub is 50 % of the weight, and 70% of the 
weight of a nitric acid. Subsequently, this cage was pulled up from the 8th tub, and it was immersed for 1 5 minutes into the ultrapure 
water stored in the 9th tub. Subsequently, this cage was pulled up from the 9th tub, and immersion to the 8th tub (mixed-acid, 5 
minutes)-9th tub (ultrapure water, 15 minutes)- 8th tub (mixed-acid, 5 minutes)-9th tub (ultrapure water, 15 minutes) was performed. 
After having pulled up the cage from the 9th tub, introducing in the warm air dryer and drying single crystal silicon, the dry single 
crystal silicon was picked out from the cage. When the iron element concentration of the single crystal silicon after this washing was 
measured with the ICP mass spectrometer, they were 0.05 or less ppb-wt. 

[0025] 1 10kg of washed single crystal silicon was put into the quartz crucible, and it dissolved again at the carbon heater 
(RIMERUTO), and was made silicon melt. Silicon melt was contacted in seed crystal and the silicon single crystal ingot was raised. 
Here, V/G was defined and pulled up so that the field corresponding to the location P2 shown in drawing 4 might be raised covering 
an ingot overall length. When the ingot pulled up was measured, weight was 80kg (rate 0.73 of solidification), and pull-up length was 
1 100mm. In this way, after wrapping the silicon wafer sliced from the ingot which was able to be pulled up and performing beveling 
processing, the silicon wafer was obtained by carrying out mirror polishing, the obtained silicon wafer — SPV (surface photo voltage) - 
- the place which measured iron element concentration by law — the average — about — it was 1x109 atoms/cm3. 
[0026] Moreover, it measured about COP, OSF, and ratio of length to diameter which are the crystal defect of the above-mentioned 
silicon wafer. COP investigated COP with a size [ in the front face of this wafer ] of 0. 1 2 micrometers or more using the laser particle 
counter (the product made from KLA-Tencor, SFS6200), after washing the silicon wafer with the mixed liquor of ammonia and a 
hydrogen peroxide. Moreover, OSF investigated whether a silicon wafer would be heat-treated at the temperature of 1000 degrees C 
for 4 hours, heat treatment (pie ROJIE nick oxidation treatment) would be succeedingly carried out at the temperature of 1 130 degrees 
C for 3 hours, and OSF would actualize by viewing. Furthermore, ratio of length to diameter carried out chemical etching of the 
above-mentioned silicon wafer front face with the SEKO (Secco) etching reagent during 30 minutes. Subsequently, the unique trace 
which appears by this was observed with the optical microscope, and the existence of the imprint marks of ratio of length to diameter 
of the silicon wafer which is a substrate was investigated. Consequently, on the whole wafer surface, the number of COP with a size of 
0.12 micrometers or more was zero. Moreover, OSF or ratio of length to diameter did not appear at all in the wafer side. 
[0027] 

[Effect of the Invention] As stated above, the silicon wafer made the silicon single crystal ingot of this invention and from now on 
does not have a defect resulting from a crystal, and the degree of contamination of a metallic element like chromium including iron 
and nickel is small excellent in electrical characteristics. Consequently, when it is made semiconductor devices, such as LSI, there is 
little leakage current in pn junction, and the dependability over the gate oxide of an MOS transistor is high. 
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♦ NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

Prawing 1] Drawing in which a hole abundance ingot is formed in for the V/G ratio based in Voronkov's theory above the critical 

point, and a V/G ratio shows that the silicon abundance ingot between grids is formed below in the critical point. 

[Drawing 2] The property Fig. showing change of the pull-up rate for determining a desired pull-up rate profile. 

Prawing 3] The property Fig. having shown the pull-up rate profile for growing up the hole abundance wafer and perfect wafer by 

this invention, respectively in graph. 

Prawing 4] The schematic diagram of X-ray tomography showing the hole abundance field of the criteria ingot by this invention, the 
silicon abundance field between grids, and a perfect field. 

Prawing 5] The ingot in which the floe of the hole mold point defect of this invention and the floe of the silicon mold point defect 
between grids do not exist, and the explanatory view of a wafer. 
prawing 6] The top view of the wafer. 

prawing 7] The ingot which has a hole abundance field, and this hole abundance field and the defect-free field of the between for a 
edge [ wafer ] in the center, and the explanatory view of a wafer. 
prawing 8] The top view of the wafer. 
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DRAWINGS 



[Drawing 1] 
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[Drawing 61 




Prawing 8] 
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[Drawing 3] 
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[Drawing 51 
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